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Description 

[0001] The present invention generally relates to an 
electrochemical cell construction. More particularly, the 
present invention relates to the containers and collector 
assemblies used for an electrochemical cell, such as an 
alkaline cell. 

[0002] Figure 1 shows the construction of a conven- 
tional C sized alkaline cell 1 0. As shown, cell 1 0 includes 
a cylindrically shaped can 12 having an open end and 
a closed end. Can 1 2 is preferably formed of an electri- 
cally conductive material, such that an outer cover 11 
welded to a bottom surface 14 at the closed end of can 
12 serves as an electrical contact terminal for the cell. 
[0003] Cell 10 further typically includes a first elec- 
trode material 15, which may serve as the positive elec- 
trode (also known as a cathode). The first electrode ma- 
terial 15 may be preformed and inserted into can 12, or 
may be moulded in place so as to contact the inner sur- 
faces of the can 12. For an alkaline cell, first electrode 
material 15 will typically include Mn0 2 . After the first 
electrode 15 has been provided in can 12, a separator 
17 is inserted into the space defined by first electrode 
15. Separator 1 7 is preferably a non-woven fabric. Sep- 
arator 1 7 is provided to maintain a physical separation 
of the first electrode material 15 and a mixture of elec- 
trolyte and a second electrode material 20 while allow- 
ing the transport of ions between the electrode materi- 
als. 

[0004] Once separator 1 7 is in place within the cavity 
defined by first electrode 15, an electrolyte is dispensed 
into the space defined by separator 17, along with the 
mixture 20 of electrolyte and a second electrode mate- 
rial, which may be the negative electrode (also known 
as the anode). The electrolyte/second electrode mixture 
20 preferably includes a gelling agent. For a typical al- 
kaline cell, mixture 20 is formed of a mixture of an aque- 
ous KOH electrolyte and zinc, which serves as the sec- 
ond electrode material. Water and additional additives 
may also be included in mixture 20. 
[0005] Once the first electrode 15, separator 17, the 
electrolyte, and mixture 20 have been formed inside can 
12, a preassembled collector assembly 25 is inserted 
into the open end of can 12. Can 12 is typically slightly 
tapered at its open end. This taper serves to support the 
collector assembly in a desired onentation pnor to se- 
curing it in place. After collector assembly 25 has been 
inserted, an outer cover 45 is placed over collector as- 
sembly 25. Collector assembly 25 is secured in place 
by radially squeezing the can against collector assembly 
25. The end edge 13 of can 12 is crimped over the pe- 
ripheral lip of collector assembly 25, thereby securing 
outer cover 45 and collector assembly 25 within the end 
of can 12. As described further below, one function 
served by collector assembly 25 is to provide for a sec- 
ond external electrical contact for the electrochemical 
cell. Additionally, collector assembly 25 must seal the 
open end of can 12 to prevent the electrochemical ma- 



terials therein from leaking from this cell. Additionally, 
collector assembly 25 must exhibit sufficient strength to 
withstand the physical abuse to which batteries are typ- 
ically exposed. Also, because electrochemical cells may 

s produce hydrogen gas, collector assembly 25 may allow 
internally generated hydrogen gas to permeate there- 
through to escape to the exterior of the electrochemical 
cell. Further, collector assembly 25 should include some 
form of pressure relief mechanism to relieve pressure 

w produced internally within the cell should this pressure 
become excessive. Such conditions may occur when 
the electrochemical cell internally generates hydrogen 
gas at a rate that exceeds that at which the internally 
generated hydrogen gas can permeate through the coi- 
rs lector assembly to the exterior of the cell. 

[0006] The collector assembly 25 shown in Figure 1 
includes a seal 30, a collector nail 40, an inner cover 44, 
a washer 50, and a plurality of spurs 52. Seal 30 is 
shown as including a central hub 32 having a hole 

20 through which collector nail 40 is inserted. Seal 30 fur- 
ther includes a V-shaped portion 34 that may contact an 
upper surface 16 of first electrode 15. 
[0007] Seal 30 also includes a peripheral upstanding 
wall 36 that extends upward along the periphery of seal 

25 30 in an annular fashion. Peripheral upstanding wall 36 
not only serves as a seal between the interface of col- 
lector assembly 25 and can 12, but also serves as an 
electrical insulator for preventing an electrical short from 
occurring between the positive can and negative contact 

30 terminal of the cell. 

[0008] Inner cover 44, which is formed of a rigid metal, 
is provided to increase the rigidity and support the radial 
compression of collector assembly 25 thereby improv- 
ing the sealing effectiveness. As shown in Figure 1 , in- 

35 ner cover 44 is configured to contact central hub portion 
32 and peripheral upstanding wall 36. By configuring 
collector assembly 25 in this fashion, inner cover 44 
serves to enable compression of central hub portion 32 
by collector nail 40 while also supporting compression 

40 of peripheral upstanding wall 36 by the inner surface of 
can 12. 

[0009] Outer cover 45 is typically made of a nickel- 
plated steel and is configured to extend from a region 
defined by the annular peripheral upstanding wall 36 of 

45 seal 30 and to be in electrical contact with a head portion 
42 of collector nail 40. Outer cover 45 may be welded 
to head portion 42 of collector nail 40 to prevent any loss 
of contact. As shown in Figure 1, when collector assem- 
bly 25 is inserted into the open end of can 12, collector 

so nail 40 penetrates deeply within the electrolyte/second 
electrode mixture 20 to establish sufficient electrical 
contact therewith. In the example shown in Figure 1, out- 
er cover 45 includes a peripheral lip 47 that extends up- 
wardly along the circumference of outer cover 45. By 

55 forming peripheral upstanding wall 36 of seal 30 of a 
length greater than that of peripheral lip 47, a portion of 
peripheral upstanding wall 36 may be folded over pe- 
ripheral lip 47 during the crimping process so as to pre- 
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vent any portion of the upper edge 13 of can 12 from 
coming into contact with outer cover 45. 
[0010] Seal 30 is preferably formed of nylon. In the 
configuration shown in Figure 1 , a pressure relief mech- 
anism is provided for enabling the relief of internal pres- 
sure when such pressure becomes excessive. Further, 
inner cover 44 and outer cover 45 are typically provided 
with apertures 43 that allow hydrogen gas to escape to 
the exterior of cell 10. The mechanism shown includes 
an annular metal washer 50 and a plurality of spurs 52 
that are provided between seal 30 and inner cover 44. 
Each spur 52 includes a pointed end 53 that is pressed 
against a thin intermediate portion 38 of seal 30. Spurs 
52 are biased against the lower inner surface of inner 
cover 44 such that when the internal pressure of ceil 10 
increases and seal 30 consequently becomes deformed 
by pressing upward toward inner cover 44, the pointed 
ends 53 of spurs 52 penetrate through the thin interme- 
diate portion 38 of seal 30 thereby rupturing seal 30 and 
allowing the escape of the internally-generated gas 
through apertures 43. 

[0011] Although the above-described collector as- 
sembly 25 performs all the above-noted desirable func- 
tions satisfactorily, as apparent from its cross-sectional 
profile this particular collector assembly occupies a sig- 
nificant amount of space within the interior of the cell 1 0. 
It should be noted that the construction shown in Figure 
1 is but one example of a cell construction. Other col- 
lector assemblies exist that may have lower profiles and 
hence occupy less space within the cell. However, such 
collector assemblies typically achieve this reduction in 
occupied volume at the expense of the sealing charac- 
teristics of the collector assembly or the performance 
and reliability of the pressure relief mechanism. 
[0012] WO-A-92/1 6978 discloses primary alkaline 
cells having a powdered zinc anode and an anode cur- 
rent collector made from a foraminous metal such as 
expanded copper, and shows a seal arrangement hav- 
ing a downward extending V-shaped seal portion. 
[0013] The measured external and internal volumes 
for several batteries that were commercially available at 
the priority date of this application are listed in the tables 
shown in Figures 2A and 2B. The tables list the volumes 
(cc) for D, C, AA, and AAA sized batteries. The collector 
assembly volume and the percentage of the total cell 
volume that constitutes the collector assembly volume 
is provided in Figure 2B for those commercially available 
batteries listed in Figure 2A. Also provided in Figure 2A 
is a percentage of the total cell volume that constitutes 
the internal volume that is available for containing the 
electrochemically active materials. 
[0014] The "total cell volume" includes all of the vol- 
ume, including any internal void spaces, of the battery. 
For the battery shown in Figure 1 , the total volume ide- 
ally includes all of the cross-hatched area as shown in 
Figure 3A. The "internal volume" of the battery is repre- 
sented by the cross-hatched area shown in Figure 3B. 
The "internal volume", as used herein, is that volume in- 



side the cell or battery that contains the electrochemi- 
cally active materials as well as any voids and chemi- 
cally inert materials (other than the collector nail) that 
are confined within the sealed volume of the cell. Such 

5 chemically inert materials may include separators, con- 
ductors, and any inert additives in the electrodes. As de- 
scribed herein, the term "electrochemically active 
materials" includes the positive and negative electrodes 
and the electrolyte. The "collector assembly 

10 volume" includes the collector nail, seal, inner cover, 
washer, spurs and any void volume between the bottom 
surface of the negative cover and the seal (indicated by 
the cross-hatched area in Figure 3C). The "container 
volume" includes the volume of the can, label, negative 

is cover (outer cover 45), void volume between the label 
and negative cover, positive cover, and void volume be- 
tween the positive cover and can (shown by the cross- 
hatched area in Figure 3D). If the label extends onto and 
into contact with the negative cover, the void volume 

20 present between the label and negative cover is includ- 
ed in the container volume, and therefore is also con- 
sidered as part of the total volume. Otherwise, that void 
volume is not included in either of the container volume 
or the total volume. 

25 [0015] It should be appreciated that the sum total of 
the "internal volume", "collector assembly volume", and 
"container volume" is equal to the "total volume". Ac- 
cordingly, the internal volume available for electrochem- 
ically active materials can be confirmed by measuring 

30 the collector assembly volume and container volume 
and subtracting the collector assembly volume and the 
container volume from the measured total volume of the 
battery. 

[0016] Because the exterior dimensions of the elec- 
ts trochemical cell are generally fixed by the American Na- 
tional Standards Institute (ANSI) or other standards or- 
ganisations, the greater the space occupied by the col- 
lector assembly, the less space that there is available 
within the cell for the electrochemical materials. Conse- 
40 quently, a reduction in the amount of electrochemical 
materials that may be provided within the cell results in 
a shorter service life for the cell. It is therefore desirable 
to maximise the interior volume within an electrochem- 
ical cell that is available for the electrochemically active 
45 components. 

[0017] We have now found that this may be achieved 
by constructing an electrochemical cell where the space 
occupied by the collector assembly and the space oc- 
cupied by the container volume are minimised while still 
50 maintaining adequate sealing characteristics and allow- 
ing a reliable pressure relief mechanism. 
[0018] Accordingly, it is an aspect of the present in- 
vention to solve the above problems by either eliminat- 
ing the collector assembly from the cell while retaining 
55 its functions, or by providing a collector assembly having 
a significantly lower profile and thereby occupying sig- 
nificantly less space within an electrochemical cell. An- 
other aspect of the present invention is to provide cell 
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constructions exhibiting lower water loss overtime than 
prior assemblies, thereby increasing the cell's shelf life. 
An additional aspect of the Invention is to provide a bat- 
tery having a reliable pressure relief mechanism that 
does not occupy a significant percentage of the availa- s 
ble cell volume. Still yet another aspect of the present 
invention is to provide cell constructions that are simpler 
to manufacture and that require less materials, thereby 
possibly having lower manufacturing costs. Another as- 
pect of the invention is to provide cell constructions that to 
require less radial compressive force to be applied by 
the can to adequately seal the cell, thereby allowing for 
the use of a can having thinner side walls, and thus re- 
sulting in greater internal ceil volume. 
[0019] To achieve the above aspects and advantag- ^ 
es, a battery of the present invention comprises: 

a can containing electrochemically active materials 
including at (east positive and negative electrodes 
and an electrolyte, the can having an open end and 20 
a closed end; and 

a collector assembly and an outer cover positioned 
across the open end of the can, the collector as- 
sembly and any void volume between the collector 
assembly and the bottom surface of the outer cover 25 
defining a collector assembly volume; 

characterised in that the collector assembly is free 
of a downward extending V-shaped seal portion and a 
seal-rupturing spur, whereby: 30 

for a D-sized battery, the collector assembly volume 
Is less than 5.0 percent of the total volume of the 
battery or is less than 2.5 cm 3 ; 
for a C-sized battery, the collector assembly volume 35 
is less than 7.0 percent of the total volume of the 
battery or is less than 1 .7 cm 3 ; 
for an AA-sized battery, the collector assembly vol- 
ume is less than 6.0 percent of the total volume of 
the battery or is less than 0.5 cm 3 ; *o 
for an AAA-sized battery, the collector assembly 
volume is less than 7.0 percent of the total volume 
of the battery or is less than 0.24 cm 3 . 

[0020] These and other features, advantages, and *s 
objects of the present invention will be further under- 
stood and appreciated by those skilled in the art by ref- 
erence to the following specification, claims, and ap- 
pended drawings. 

[0021] The present invention will be further under- so 
stood by reference to the drawings, in which: 

Figure 1 is across section of a conventional C sized 
alkaline electrochemical cell; 

Figure 2A is a table showing the relative total battery ss 
volumes and internal cell volumes available for 
electrochemically active materials, as measured for 
those batteries that were commercially available at 



the time this application was filed; 
Figure 2B is a table showing the relative total battery 
volumes and collector assembly volumes as meas- 
ured for those batteries that were commercially 
available as provided in Figure 2A; 
Figures 3A-3D are cross sections of a conventional 
C sized alkaline electrochemical cell that illustrate 
the total battery and various component volumes; 
Figure 4 is a cross section of a C sized alkaline elec- 
trochemical cell having a low profile seal construct- 
ed in accordance with a first embodiment of the 
present invention; 

Figure 5 is a partial cross section of an adaptation 
of the first embodiment for use in an AA sized bat- 
tery shown in comparison with a partial cross sec- 
tion of an adaptation of the conventional construc- 
tion as currently used in an AA sized battery; 
Figure 6 is a cross section of a C sized alkaline elec- 
trochemical cell having an ultra low profile seal ac- 
cording to a second embodiment of the present in- 
vention; 

Figure 7 is a cross section of a C sized alkaline elec- 
trochemical cell having an ultra low profile seal and 
a formed positive cover protrusion according to a 
third embodiment of the present invention; 
Figure 8A is a cross section of a C sized alkaline 
electrochemical cell constructed in accordance with 
a fourth embodiment of the present invention hav- 
ing a rollback cover, an annular L-shaped or J- 
shaped seal, and a pressure relief mechanism 
formed in the can bottom surface; 
Figure 8B is a cross section of the top portion of a 
C sized alkaline electrochemical cell constructed in 
accordance with the fourth embodiment of the 
present invention having a rollback cover and fur- 
ther including an L-shaped annular seal; 
Figure 8C is an exploded perspective view of the 
electrochemical cell shown in Figure 8A illustrating 
assembly of the collector seal and cover assembly; 
Figure 9 is a bottom view of a battery can having a 
pressure relief mechanism formed in the closed end 
of the can; 

Figure 10 is a cross-sectional view taken along line 
X-X of the can vent shown in Figure 9: 
Figure 11 is a cross section of a C sized alkaline 
electrochemical cell having a beverage can-type 
construction according to a fifth embodiment of the 
present invention; 

Figure 12A is a partially exploded perspective view 
of the battery shown in Figure 11 ; 
Figures 12B and 12C are cross-sectional views of 
a portion of the battery shown in Figure 11 illustrat- 
ing the process for forming the beverage can-type 
construction; 

Figure 12D is an enlarged cross-sectional view of a 
portion of the battery shown in Figure 11 ; 
Figure 13 is a cross section of a C sized alkaline 
electrochemical cell having a beverage can-type 
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construction according to a sixth embodiment of the 
present invention; 

Figure 14A is a table showing the calculated total 
and internal cell volume for various batteries con- 
structed in accordance with the present invention; 
Figure 14B is a table showing the calculated total 
volume and collector assembly volume for various 
batteries constructed in accordance with the 
present invention; 

Figure 15 is a cross section of a C sized alkaline 
electrochemical cell having a collector feed through 
construction according to a seventh embodiment of 
the present invention; 

Figure 1 6 is an exploded assembly view of the elec- 
trochemical cell shown in Figure 15; and 
Figure 17 is a flow diagram illustrating a method of 
assembly of the electrochemical cell shown in Fig- 
ures 15 and 16. 

[0022] As described above, a primary objective of the 
present invention is to increase the internal volume 
available in a battery for containing the electrochemical- 
ly active materials to volumes previously not obtained. 
To achieve this objective without detrimentally decreas- 
ing the reliability of the pressure relief mechanism pro- 
vided in the battery and without increasing the likelihood 
that the battery would otherwise leak, various novel 
modifications are suggested below to the construction 
of batteries of various sizes. The modifications de- 
scribed below may be implemented separately or in 
combination in a battery to improve its volume efficiency. 
[0023] As described in further detail below, the vari- 
ous modifications of the present invention that achieve 
greater internal volume for containing the electrochem- 
ically active materials, include a low profile seal (Figure 
4), an ultra low profile seal (Figure 6), a positive outer 
cover protrusion formed directly in the closed end of the 
can used. in combination with the ultra low profile seal 
(Figure 6) or the low profile seal, a can vent formed in 
the closed end of the battery can (Figures 8A-1 0) includ- 
ing an L-shaped and J-shaped annular seal (Figures 8A- 
8C), a beverage can-type construction used in combi- 
nation with a can vent (Figure 11), and a beverage can- 
type construction with a collector feed through (Figures 
15-17). 

[0024] Additionally, through the use of the construc- 
tions noted above, the battery can may be made with 
thinner walls, on the order of 0.10-0.20 mm (4-8 mils), 
since the construction techniques outlined below do not 
require the thicker walls that are required in convention- 
al batteries to ensure a sufficient crimp and seal. Fur- 
ther, in accordance with the present invention, a label 
may be lithographed directly onto the exterior surface of 
the battery can. By making the can walls thinner and 
lithographing the label directly onto the exterior of the 
can, the internal volume of the cell may be further in- 
creased since one does not have to account for the 
thickness of the label substrate to construct a cell that 



meets the ANSI exterior size standards. 
[0025] The total battery volume, collector assembly 
volume, and internal volume available for electrochem- 
ical ly active material for each battery are determined by 

5 viewing a Computer Aided Design (CAD) drawing, a 
photograph, or an actual cross section of the battery 
which has been encased in epoxy and longitudinally 
cross-sectioned. The use of a CAD drawing, photo- 
graph, or actual longitudinal cross section to view and 

io measure battery dimensions allows for inclusion of all 
void volumes that might be present in the battery. To 
measure the total battery volume, the cross-sectional 
View of the battery taken through its central longitudinal 
axis of symmetry is viewed and the entire volume is 

15 measured by geometnc computation. To measure the 
internal volume available for electrochemical ly active 
materials, the cross-sectional view of the battery taken 
through its central longitudinal axis of symmetry is 
viewed, and the components making up the internal vol- 

20 ume, which includes the electrochemically active mate- 
rials, void volumes and chemically inert materials (other 
than the collector nail) that are confined within the 
sealed volume of the cell, are measured by geometric 
computation. Likewise, to determine volume of the col- 

25 lector assembly, the cross-sectional view of the battery 
taken through its central longitudinal axis of symmetry 
thereof is viewed, and the components making up the 
collector assembly volume, which include the collector 
nail, seal, inner cover, and any void volume defined be- 
so tween the bottom surface of the negative cover and the 
seal, are measu red by geometric computation . The con- 
tainer volume may likewise be measured by viewing the 
central longitudinal cross section of the battery and com- 
puting the volume consumed by the can, label, negative 

35 cover, void volume between the label and negative cov- 
er, positive cover, and void volume between the positive 
cover and the can. 

[0026] The volume measurements are made by view- 
ing a cross section of the battery taken through its lon- 

^o gitudinal axis of symmetry. This provides for an accurate 
volume measurement, since the battery and its compo- 
nents are usually axial symmetric. To obtain a geometric 
view of the cross section of a battery, the battery was 
first potted in epoxy and, after the epoxy solidified, the 

<5 potted battery and its components were ground down to 
the central cross section through the axis of symmetry. 
More particularly, the battery was first potted in epoxy 
and then ground short of the central cross section . Next, 
all internal components such as the anode, cathode, 

so and separator paper were removed in order to better en- 
able measurement of the finished cross section. The 
potted battery was then cleaned of any remaining de- 
bris, was air dried, and the remaining void volumes were 
filled with epoxy to give the battery some integrity before 

55 completing the grinding and polishing to its centre. The 
battery was again ground and polished until finished to 
its central cross section, was thereafter traced into a 
drawing, and the volumes measured therefrom. 
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[0027] Prior to potting the battery in epoxy. battery 
measurements were taken with callipers to measure the 
overall height, the crimp height, and the outside diame- 
ter at the top, bottom, and centre of the battery. In addi- 
tion, an identical battery was disassembled and the 
components thereof were measured. These measure- 
ments of components of the disassembled battery in- 
clude the diameter of the current collector nail, the 
length of the current collector nail, the length of the cur- 
rent collector nail to the negative cover, and the outside 
diameter of the top, bottom, and centre of the battery 
without the label present. 

[0028] Once the battery was completely potted in 
epoxy and ground to centre through the longitudinal axis 
of symmetry, the cross-sectional view of the battery was 
used to make a drawing. A Mitutoyo optical comparator 
with QC-4000 software was used to trace the contour of 
the battery and its individual components to generate a 
drawing of the central cross section of the battery. In do- 
ing so, the battery was securely fixed in place and the 
contour of the battery parts were saved in a format that 
could later be used in solid modeling software to calcu- 
late the battery volumes of interest. However, before any 
volume measurements were taken, the drawing may be 
adjusted to compensate for any battery components 
that are not aligned exactly through the centre of the 
battery. This may be accomplished by using the meas- 
urements that were taken from the battery before cross 
sectioning the battery and those measurements taken 
from the disassembled identical battery. For example, 
the diameter and length of the current collector nail, and 
overall outside diameter of the battery can be modified 
to profile the drawing more accurately by adjusting the 
drawing to include the corresponding known cross-sec- 
tional dimensions to make the drawing more accurate 
for volume measurements. The detail of the seal, cover, 
and crimp areas were used as they were drawn on the 
optical comparator. 

[0029] To calculate the volume measurements, the 
drawing was imported into solid modeling software. A 
solid three-dimensional volume representation was 
generated by rotating the contour of the cross section 
on both the left and right sides by one-hundred-eighty 
degrees (1 80°) about the longitudinal axis of symmetry. 
Accordingly, the volume of each region of interest is cal- 
culated by the software and, by rotating the left and right 
sides hy one-hundred-eighty degrees (180°) and sum- 
ming the left and right volumes together an average vol- 
ume value is determined, which may be advantageous 
in those situations where the battery has non-symmet- 
rical features. The volumes which include any non-sym- 
metrical features can be adjusted as necessary to obtain 
more accurate volume measurements. 

Low Profile Seal 

[0030] Figure 4 shows a battery constructed using a 
low profile seal in accordance with a first embodiment 



of the present invention. Similar to the battery shown in 
Figure 1 , battery 1 00 includes an electrically conductive 
can 112 having a closed end 114 and an open end in 
which a collector assembly 125 and negative cover 145 

s are secured in place. Also, battery 1 00 includes a pos- 
itive electrode 115 in contact with the interior walls of 
can 112 and in contact with a separator layer 117 that 
lies between positive electrode 1 15 and a negative elec- 
trode 120. Further, battery 100 includes a positive outer 

w cover 1 1 1 attached to a bottom surface of the closed end 
of can 112. 

[0031] The difference between batteries 10 and 100 
lies in the construction of collector assembly 125 and 
cover 145. White seal 130 is similar to seal 30 in that it 

15 includes an upstanding wall 1 36 and a central hub 1 32, 
which has an aperture formed therein for receiving the 
head portion 1 42 of a collector nail 1 40, seal 1 30 differs 
from seal 30 in that the V portion 34 of seal 30 is inverted 
to extend upward toward inner cover 144, as indicated 

20 by reference numeral 134. By inverting this V portion, 
collector assembly 1 25 may rest more squarely upon an 
upper surface 116 of positive electrode 115. Further, the 
volume occupied by the V portion 34 of battery 1 0 may 
then be used for the electrochemically active materials. 

25 [0032] To also reduce the internal volume occupied 
by collector assembly 1 25, inner cover 1 44 is construct- 
ed to more closely conform to the inner surface of outer 
cover 145 so as to eliminate the void space between 
outer cover 45 and inner cover 44 in battery 10. Addi- 

30 tionally, by resting collector assembly 125 firmly on top 
surface 116 of positive electrode 115, the peripheral 
edge 147 of outer cover 145 may be flat rather than ex- 
tend upward as in the case for battery 10. By laying pe- 
ripheral edge 147 flat, collector assembly 125 may be 

35 positioned even closer to the end of battery 1 00. 

[0033] Collector assembly 125 of battery 100 further 
differs from collector assembly 25 of battery 10 in that 
spurs 52 and washer 50 are eliminated. Collector as- 
sembly 1 25, nevertheless, has a reliable pressure relief 

40 mechanism by the provision of a thinned-out section 1 38 
formed in seal 130 immediately adjacent hub 132. A 
thickened ring portion 139 of seal 130 is provided adja- 
cent thinned-out portion 138 such that thinned-out por- 
tion 1 38 lies between thickened ring portion 1 39 and the 

45 relatively thick hub 132. Thus, when the internal pres- 
sure of cell 1 00 becomes excessive, seal 1 30 rips open 
in the location of thinned-out portion 138. As with the 
construction shown for battery 10, the internally-gener- 
ated gas then escapes through apertures 143 formed in 

50 inner cover 1 44 and outer cover 1 45. 

[0034] The internal volume available for containing 
electrochemically active materials in a D sized battery 
having the conventional construction shown in Figure 1 , 
is 44.16 cc, which is 87.7 percent of the total volume of 

55 50.38 cc. (See the corresponding entry in the table of 
Figure 2A.) If the same cell were constructed using the 
low profile seal construction shown in Figure 4, the in- 
ternal cell volume may be increased to 44.67 cc, which 
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represents 89.2 percent of the total volume, which is 
50.07 cc. The internal and external volumes for the cell 
constructed with the low profile seal of the present in- 
vention are for a cell having a 10 mil can thickness. Fur- 
ther, by decreasing the can wall thickness, even greater 
internal cell volumes may be achieved. 
[0035] The low profile seal described above is dis- 
closed in commonly-assigned U.S. Patent Application 
No. 08/882,572 entitled °A V-SHAPED GASKET FOR 
GALVANIC CELLS," filed on June 27, 1997, by Gary R. 
Tucholski, the disclosure of which is incorporated by ref- 
erence herein. 

[0036] Figure 5 shows a modified adaptation of the 
low profile seal as used in an AA sized battery 100' in 
comparison with a commercial adaptation of the con- 
struction shown in Figure 1 as used for an AA sized bat- 
tery 1 0'. Like the collector assembly of battery 1 00 (Fig- 
ure 4), the collector assembly of battery 100' includes a 
seal 1 30 having an inverted-V portion 1 34, a hub portion 
132, and a thinned-out portion 138 provided between 
hub 132 and a thickened portion 139. 
[0037] The primary difference between the collector 
assemblies of batteries 100 and 100' is the elimination 
of inner cover 144 of battery 100. To ensure sufficient 
radial compressive force against upstanding leg 1 36 of 
seal 1 30, battery 1 00' uses a rollback cover 1 45' in place 
of the flanged cover 145 used in battery 100 and also 
utilises a retainer 150. As will be apparent from a com- 
parison of Figures 4 and 5, a rollback cover differs from 
a flanged cover In that the peripheral edge 147 of a 
flanged cover 145 is flat whereas the peripheral edge 
147' of a rollback cover 145' extends axially downward 
and is folded to also extend axially upward. Rollback 
cover 145' provides a sufficient spring force in the radial 
direction to maintain compression of upstanding leg 1 36 
of seal 1 30 against the inner wall of can 1 1 2 during nor- 
mal use. 

[0038] Retainer 150 is provided over and around the 
upper portion of hub 132 of seal 130 to compress hub 
132 against collector nail 140. Also, by configuring re- 
tainer 150 to have a J- or L-shaped cross section, the 
lower radial extension of retainer 150 can ensure that 
seal 1 30 will rupture in the vicinity of thinned-out portion 
138 when the internal pressure reaches an excessive 
level. 

Ultra Low Profile Seal 

[0039] Figure 6 shows a battery constructed in ac- 
cordance with a second embodiment of the present in- 
vention, which utilises an ultra low profile seal. Like the 
conventional cell 10 shown in Figure 1, cell 200 also in- 
cludes a cylindrical can 212 made of an electrically con- 
ductive material. Also, a first electrode 215 is formed 
against the inner walls of can 212 preferably by mould- 
ing. A separator 21 7 is likewise inserted within the cavity 
defined by first electrode material 215, and a mixture 
220 of a second electrode and electrolyte are provided 



within a cavity defined by the separator 21 7. 
[0040] As shown in Figure 6. collector assembly 225 
includes an integral seal/inner cover assembly 228 and 
a collector 240 that passes through a central hole 236 

5 provided in the integral seat/inner cover assembly 228. 
Collector 240 is preferably a brass nail including a head 
242 and a retainer flange 241 that is provided to coop- 
erate with a speed nut 250 to secure collector nail 240 
within central hole 236 of integrated seal/inner cover as- 

10 sembly 228. 

[0041] Integrated seal/inner cover assembly 228 in- 
cludes a rigid inner cover 210 and a seal 230 that is 
formed directly on rigid inner cover 210 by moulding or 
lamination. Seal 230 is preferably made of neoprene, 

'5 butyl, or ethylene propylene rubber, and rigid inner cover 
210 is preferably formed of low-carbon steel 1008 or 
1010. Because rubber is more compressible than the 
nylon or polypropylene materials often used in such col- 
lector assemblies, the radial compressive strength of 

20 the rigid inner cover 21 0 need not be as great. Thus, the 
inner cover could be made of thinner and/or softer met- 
als. Further, materials other than metal may be used. 
Also, seal 230 may be formed of other materials provid- 
ed such materials are chemically inert, water impervi- 

25 ous, compressible, and exhibit the ability to bond to the 
material used to form rigid inner cover 210. 
[0042] Additionally, by decreasing the radial force re- 
quired to compress the peripheral upstanding wall of the 
seal, the thickness of the can walls may be decreased 

30 from 0.25 mm (0.010 inch) to approximately 0.15 mm 
(0.006 inch) or possibly even 0.10 mm (0.004 inch). 
[0043] By providing a structure that enables rubber 
materials such as neoprene and butyl rubber to be used 
as the seal material, the water permeability of the col- 

35 lector assembly is significantly reduced. By reducing the 
water permeability of the cell, the service maintenance 
of the battery should be increased. 
[0044] Rigid inner cover 21 0 is generally disk shaped 
and has a central aperture 218 formed at its centre as 

^o well as a plurality of additional apertures 217. Central 
aperture 218 and additional apertures 217 extend 
through rigid inner cover 210 from its upper surface to 
its bottom surface. If formed of metal, rigid inner cover 
210 is preferably produced by stamping it from a sheet 

45 of metal. Inner cover 21 0 may, however, be formed us- 
ing other known manufacturing techniques. Subse- 
quently, rigid inner cover 21 0 may be subjected to a sur- 
face roughening process, such as sandblasting or 
chemical etching, to enhance the strength of the bond 

so that is subsequently formed between rigid inner cover 
210 and seal 230. For a C sized cell, rigid inner cover 
21 0 is preferably 0.38 to 0.76 mm (0.01 5 to 0.030 inch) 
thick. 

[0045] After rigid inner cover 21 0 has been stamped 
55 and surface treated, it is preferably inserted into a trans- 
fer mould press into which the rubber that forms seal 
230 is subsequently supplied. The transfer mould is 
preferably formed to allow the supplied rubber to form 
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a layer 232 across the bottom surface of rigid inner cover 
210. The thickness of layer 232 is between 0.25 and 
0.50 mm (0.01 0 and 0.020 inch) thick, and is preferably 
about 0.46 mm (0.01 6 inch) thick. The rubber also flows 
into apertures 217 to form plugs 238. Also, the rubber 
flows within central aperture 218 so as to line the sur- 
faces of central aperture 21 8 but without completely fill- 
ing the aperture so as to provide a central hole 236 into 
which collector nail 240 may subsequently be inserted. 
The diameter of central hole 236 is preferably sufficient- 
ly smaller than the diameter of collector nail 240 such 
that the rubber lining in central aperture 218 is signifi- 
cantly compressed within aperture 218 when collector 
nail 240 is driven in place through central hole 236. By 
providing a retainer 241 on collector 240 that is pressed 
against bottom layer 232 of seal 230, when collector nail 
240 has been driven in place, its speed nut 250 and re- 
tainer 241 cooperate to also vertically compress the por- 
tion of rubber layer 232 lying therebetween. By com- 
pressing the rubber seal in the vicinity of collector nail 
240 in this manner, the possibility of a teak occurring in 
the interface between the collector nail 240 and integrat- 
ed seal/inner cover assembly 228 is significantly re- 
duced. 

[0046] By filling apertures 21 7 with rubber seal plugs 
238 in the manner shown, a pressure relief mechanism 
is provided that not only works reliably, but which may 
effectively reseal after internal pressure has been re- 
leased. When the internal pressure reaches levels con- 
sidered to be excessive, the excessive pressure rup- 
tures at least one of plugs 238 to allow the expedited 
release of internally generated gasses. The pressure at 
which such rupturing occurs is controllable based upon 
the materials selected for the seal, the thickness of the 
seal material, and the diameter of apertures 217. Fur- 
ther, because of the elasticity of the rubber seal material, 
the rubber plug 238 substantially assumes its original 
state once the pressure has been released. Thus, unlike 
other venting mechanisms used in conventional collec- 
tor assemblies, the pressure relief mechanism of the 
present invention does not create a permanent hole 
within the collector assembly through which electro- 
chemical materials may subsequently leak. Also, such 
resealing minimises deterioration of the cell's internal 
components, thereby possibly extending the useful cell 
life. 

[0047] Although only one aperture 217 in plug 238 
need be provided to serve as a pressure relief mecha- 
nism, added reliability is obtained by providing a plurality 
of such plugged apertures. Unlike prior art relief mech- 
anism structures, the present invention allows for a plu- 
rality of independently operable pressure relief mecha- 
nisms. Even the pressure relief mechanism illustrated 
in Figure 1 , which includes a plurality of spurs, relies 
upon the inversion of washer 50 for any one of the spurs 
to penetrate the seal. Each of the plugged apertures pro- 
vided in the collector assembly of the present invention, 
however, is not dependent upon one another, and there- 



fore provide for a more reliable pressure relief mecha- 
nism as a whole. 

[0048] As shown in Figure 6, seal 230 has an upstand- 
ing wall 235 formed directly on a peripheral edge of rigid 

s inner cover 210. By providing this upstanding wall 235, 
a sufficient seal may be created when collector assem- 
bly 225 is inserted into can 212. This seal is further en- 
hanced by forming the outer diameter of seal 230 to be 
greater than the inside diameter of can 212 so that inner 

io cover 210 compresses upstanding wall 235 against the 
inner surface of can 212. 

[0049] Seal 230 may additionally be formed to include 
an extended portion 237 of upstanding wall 235 that ex- 
tends vertically upward past the upper surface of inner 
15 cover 210. By providing extension 237, seal 230 may 
be used as an electrical insulator between the crimped 
end 224 of can 21 2 and a peripheral edge of outer cover 
245. 

[0050] Although seal 230 is shown as including a con- 
20 tinuous layer 232 across the entire bottom surface of 
inner cover 210, it will be appreciated by those skilled 
in the art that seal 230 need not be formed over the en- 
tire bottom surface of inner cover 21 0, particularly if in- 
ner cover 210 is formed of an inert plastic material. De- 
25 pending upon the characteristics of the materials used 
to form seal 230 and inner cover 210, a bonding agent 
may be applied to the surfaces of inner cover 210 that 
will come into contact and be bonded to seal material 
230. 

30 [0051 ] Once seal 230 has been moulded to inner cov- 
er 21 0 and collector nail 240 is inserted through central 
hole 236 of integrated seal/inner cover assembly 228 
and through retainer 240, outer cover 245 is placed on 
the upper surface of collector assembly 225 and is pref- 

35 erably welded to head 242 of collector nail 240. Subse- 
quently, the collector assembly 225 with the outer cover 
245 attached thereto is inserted into the open end of cell 
can 212. To hold collector assembly 225 in place prior 
to crimping, the bottom surface of collector assembly 

40 225 is rested upon an upper surface 21 6 of first elec- 
trode 215. Thus, collector assembly 225 may be insert- 
ed with some degree of force to ensure that the bottom 
layer 232 of seal 230 rests evenly within the cell can 
opening on upper surface 216 of electrode 215. 

45 [0052] If first electrode 215 is formed by moulding it 
in place within can 212, first electrode 215 is preferably 
constructed in the manner disclosed in commonly-as- 
signed U.S. Patent Application No. 09/036,115 entitled 
"ELECTROCHEMICAL CELL STRUCTURE EMPLOY- 

so |NG ELECTRODE SUPPORT FORTHE SEAL," filed on 
March 6, 1 998, by Gary R. Tucholski et al. to prevent 
any flashing resulting from the moulding of first elec- 
trode 21 5 from interfering with the proper alignment and 
seal provided by the collector assembly. The disclosure 

55 of U.S. Patent Application No. 09/036, 1 1 5 is incorporat- 
ed by reference herein. 

[0053] By resting collector assembly 225 on electrode 
215, can 212 could be crimped at its open end so as to 



8 



15 



EP1 114 478 B1 



16 



provide a downward force that is countered by electrode 
215. Thus, the higher profile crimp used in the conven- 
tional cell construction shown in Figure 1 may be re- 
placed with a lower profile crimp, thereby creating about 
1 .52 mm (0.060 inch) more space inside the cell. 
[0054] A collector assembly 225 having the construc- 
tion shown in Figure 6 has a much lower profile than the 
conventional collector assembly as illustrated in Figure 
1 . Thus, a cell 200 utilizing collector assembly 225 may 
include greater amounts of electrochemical materials 
215 and 220, and the service life of the cell is increased 
accordingly. Despite its lower profile, collector assembly 
225 nevertheless exhibits sufficient sealing and electri- 
cal insulation. Additionally, the collector assembly of the 
present invention provides a pressure relief mechanism 
that is not only reliable, but which provides the advan- 
tages of multiple independently-operable pressure relief 
mechanisms and partial resealing after venting to pre- 
vent the subsequent leakage of electrochemical mate- 
rials from the cell. Further, the collector assembly of the 
present invention offers improved water permeability 
characteristics, thereby increasing the service mainte- 
nance of the battery. 

[0055] The calculated total volumes (cc) and internal 
volumes (cc) available for containing electrochemically 
active materials for batteries of various sizes construct- 
ed using the ultra low profile seal shown in Figure 6, are 
provided in the table shown in Figure 14A. As apparent 
from the table in Figure 14A, the internal cell volumes 
for such cells are generally greater than any of the prior 
commercially available cells. For example, a D sized 
battery employing the ultra low profile seal has an inter- 
nal volume available for containing electrochemically 
active materials of 45.53 cc, which is 90.9 percent of the 
total volume of 50.07 cc. This is greater than the internal 
volume measured on any of the conventional cells listed 
in Figure 2A. Further, for cells having a can thickness of 
0.20 mm (8 mils) or 0.15 mm (6 mils), the internal cell 
volume may be further significantly increased. The cal- 
culated total volumes (cc) are further shown in the table 
presented in Figure 14B, in comparison with the collec- 
tor assembly volumes for batteries of various sizes con- 
structed using the ultra low profile seal shown in Figure 
6. The collector assembly volume as defined herein in- 
cludes the collector nail, seal, inner cover, and any void 
volume between the bottom surface of the negative cov- 
er and the seal. The container volume as defined herein 
includes the volume used by the can, label, negative 
cover, void volume between the label and the negative 
cover, positive cover, and the void volume between the 
positive cover and can . It should be appreciated that the 
total volume of the battery is equal to the summation of 
the internal volume available for electrochemically ac- 
tive materials, the collector assembly volume, and the 
container volume. The total volume of the battery, col- 
lector assembly volume and container volume are de- 
termined by viewing a CAD drawing of the central lon- 
gitudinal cross-sectional view of the battery. As is ap- 



parent from the table in Figure 14B, the collector assem- 
bly volume is generally less than any of the prior com- 
mercially available cells. It should be appreciated that 
the collector assembly volume is decreased by using the 

5 ultra low profile seal construction. For example, the col- 
lector assembly volume consumed in the ultra low pro- 
file seal is 1 .89 cc, which is 3.8 percent of the total vol- 
ume of 50.07 cc as shown in Figure 14B. In contrast, 
this is less than any of the collector assembly volumes 

10 measured from the conventional batteries as listed in 
Figure 2B. The container volume may also be de- 
creased. Similarly, for cells having a reduced can thick- 
ness of 0.20 mm (8 mils) or 0. 1 5 mm (6 mils), the internal 
cell volume may be further significantly increased, while 

'5 the container volume is decreased. 

[0056] The ultra low profile seal described above, and 
several alternative embodiments of the ultra low profile 
seal, are disclosed in commonly-assigned U.S. Patent 
Application No. 09/036,208 entitled "COLLECTOR AS- 

20 SEMBLY FOR AN ELECTROCHEMICAL CELL IN- 
CLUDING AN INTEGRAL SEAL/INNER COVER," filed 
on March 6, 1998, by Gary R. Tucholski, the disclosure 
of which is incorporated by reference herein. 

25 Low Profile Seal and Ultra Low Profile Seal With Formed 
Positive Protrusion 

[0057] As shown in Figure 7, the second embodiment 
shown in Figure 6 may be modified to have the protru- 

30 sion 270 for the positive battery terminal formed directly 
in the closed end 214' of can 212. In this manner, the 
void space existing between the closed end 214 of can 
21 2 and positive outer cover 21 1 (Figu re 6) may be used 
to contain electrochemically active materials or other- 

35 wise provide space for the collection of gasses, which 
otherwise must be provided within the cell. It will further 
be appreciated by those skilled in the art that the first 
embodiment shown m Figure 4 may similarly be modi- 
fied, such that the positive outer cover protrusion is 

40 formed directly in the bottom of can 112. Although the 
increase in cell volume obtained by forming the protru- 
sion directly in the bottom of the can is not provided in 
the table in Figure 14A, it will be appreciated by those 
skilled in the art that the internal volume is typically one 

45 percent greater than the volumes listed for the ultra low 
profile seal or low profile seal listed in the table, which 
are formed with a separate cover. 

Pressure Relief Mechanism Formed in Can Bottom with 
50 L-Shaped Seal 

[0058] An electrochemical battery 300 constructed in 
accordance with a fourth embodiment of the present in- 
vention is shown in Figures 8A through 8C. Battery 300 
55 differs from the prior battery constructions in that a pres- 
sure relief mechanism 370 is formed in the closed end 
314 of can 312. As a result, complex collector/seal as- 
semblies may be replaced with collector assemblies that 
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consume less volume and have fewer parts. Thus, a sig- 
nificant improvement in internal cell volume efficiency 
may be obtained. As shown in Figures 8A, 8B t 9, and 
1 0, the pressure relief mechanism 370 is formed by pro- 
viding a groove 372 in the bottom surface of can 312. 
This groove may be formed by coining a bottom surface 
of can 312, cutting a groove in the bottom surface, or 
moulding the groove in the bottom surface of the can at 
the time the positive electrode is moulded. For an AA 
sized battery, the thickness of the metal at the bottom 
of the coined groove is approximately 0.05 mm (2 mils). 
For a D sized battery, the thickness of the metal at the 
bottom of the coined groove is approximately 0.076 mm 
(3 mils). The groove may be formed as an arc of approx- 
imately 300 degrees. By keeping the shape formed by 
the groove slightly open, the pressure relief mechanism 
will have an effective hinge. 

[0059] The size of the area circumscribed by the 
groove 372 is preferably selected such that upon rupture 
due to excessive internal pressure, the area within the 
groove 372 may pivot at the hinge within the positive 
protrusion of outer cover 311 without interference from 
outer cover 31 1 . In general, the size of the area defined 
by the groove 372, as well as the selected depth of the 
groove, depends upon the diameter of the can and the 
pressure at which the pressure relief mechanism is to 
rupture and allow internally-generated gasses to es- 
cape. 

[0060] Unlike pressure relief mechanisms that have 
been described in the prior art as being formed in the 
side or end of the can, the pressure relief mechanism 
370 of the present invention is positioned beneath outer 
cover 31 1 so as to prevent the electrochemical materials 
from dangerously spraying directly outward from the 
battery upon rupture. Also, if the battery were used in 
series with another battery such that the end of the pos- 
itive terminal of the battery is pressed against the neg- 
ative terminal of another battery, the provision of outer 
cover 311 over pressure relief mechanism 370 allows 
mechanism 370 to bow outwardly under the positive 
protrusion and ultimately rupture. If outer cover 311 was 
not present in such circumstances, the contact between 
the two batteries may otherwise prevent the pressure 
relief mechanism from rupturing. Further, if outer cover 
311 were not provided over pressure relief mechanism 
370, the pressure relief mechanism at the positive end 
of the battery would be more susceptible to damage. 
Outer cover 311 also shields pressure relief mechanism 
370 from the corrosive effects of the ambient environ- 
ment and therefore reduces the possibility of premature 
venting and/or leaking. Thus, by forming the pressure 
relief mechanism under the outer cover, the present in- 
vention overcomes the problems associated with the 
prior art constructions, and thus represents a commer- 
cially feasible pressure relief mechanism for a battery. 
[0061] Because the formation of a pressure relief 
mechanism in the bottom surface of a battery can elim- 
inates the need for a complex collector/seal assembly, 



the open end of the battery can may be sealed using 
construction techniques that were not previously feasi- 
ble due to the need to allow gasses to escape through 
the pressure relief mechanism to the exterior of the bat- 

s tery. For example, as shown in Figures 8A and 8B, the 
open end of can 312 may be sealed by placing either a 
nylon seal 330 having a J-shaped cross section or a ny- 
lon seal 330" having an L-shaped cross section in the 
open end of can 312, inserting a negative outer cover 

10 345 having a rolled back peripheral edge 347 within ny- 
lon seal 330 or 330', and subsequently crimping the out- 
er edge 313 of can 312 to hold seal 330 or 330" and 
cover 345 in place. To help hold seal 330 or330' in place, 
a bead 31 6 may be formed around the circumference of 

15 the open end of can 312. Nylon seal 330 or 330' may be 
coated with asphalt to protect it from the electrochemi- 
cally active materials and to provide a better seal. 
[0062] Referring particularly to Figures 8Aand 8C, the 
annular nylon seal 330 is shown configured with a J- 

20 shaped cross section which includes an extended ver- 
tical wall 332 at the outermost perimeter thereof, a short- 
er vertical wall 336 at the radially inward side of the seal 
and has a horizontal base member 334 formed between 
the vertical walls 332 and 336. With the presence of the 

25 short vertical section 336, the annular seal is referred to 
herein as having either a J-shaped or L-shaped cross 
section. It should be appreciated that the J-shaped ny- 
lon seal 330 could also be configured absent the short 
vertical section 336 to form a plain L-shaped cross see- 
so tion as shown in Figure 8B. 

[0063] With particular reference to Figure 8C, the as- 
sembly of the electrochemical cell shown in Figure 8A 
is illustrated therein. The cylindrical can 312 is formed 
with side walls defining the open end and bead 316 for 

35 receiving internally disposed battery materials prior to 
closure of the can. Disposed within can 31 2 are the ac- 
tive electrochemical cell materials including the positive 
and negative electrodes and the electrolyte, as well as 
the separator, and any additives. Together, the outer 

40 cover 345, with the collector nail 340 welded or other- 
wise fastened to the bottom surface of cover 345, and 
annular nylon seal 330 are assembled and inserted into 
the open end of can 31 2 to seal and close can 31 2. The 
collector nail 340 is preferably welded via spot weld 342 

45 to the bottom side of outer cover 345. Together, collector 
nail 340 and cover 345 are engaged with seal 330 to 
form the collector assembly, and the collector assembly 
is inserted in can 312 such that the rolled back periph- 
eral edge 347 of outer cover 345 is disposed against the 

so inside wall of annular seal 330 above bead 316 which 
supports seal 330. The collector assembly is forcibly dis- 
posed within the open end of can 31 2 to snuggly engage 
and close the can opening. Thereafter, the outer edge 
313 of can 1 2 is crimped inward to axial ly force and hold 

55 seal 330 and outer cover 345 in place. 

[0064] Referring back to Figure 8B, the inside surface 
of outer cover 345 and at least a top portion of collector 
nail 340 are further shown coated with an anti-corrosion 
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coating 344. Anti-corrosion coating 344 includes mate- 
rials that are electrochemical ly compatible with the an- 
ode. Examples of such electrochemically compatible 
materials include epoxy, Teflon®, polyolefins, nylon, 
elastomeric materials, or any other inert materials, ei- 
ther alone or in combination with other materials. Coat- 
ing 344 may be sprayed or painted on and preferably 
covers that portion of the inside surface of outer cover 
345 and collector nail 340 which is exposed to the active 
materials in the void region above the positive and neg- 
ative electrodes of the ceil. It should also be appreciated 
that the inside surface of cover 345 could be plated with 
tin, copper, or other similarly electrochemically compat- 
ible materials. By providing the anti-corrosion coating 
344, any corrosion of the outer cover 345 and collector 
nail 340 is reduced and/or prevented, which advanta- 
geously reduces the amount of gassing which may oth- 
erwise occur within the electrochemical cell. Reduction 
in gassing within the cell results in reduced internal pres- 
sure buildup. 

[0065] As shown in Figure 1 4A in the rows referenced 
"Pressure Relief in Can Bottom" and "Pressure Relief in 
Can Bottom With Thin Walls," a D sized battery con- 
structed using the construction shown in Figure 8A, has 
an internal volume that is 93.5 volume percent when the 
can walls are 0.25 mm (10 mils) thick, and an internal 
volume that is 94.9 volume percent when the can walls 
are 0.20 mm (8 mils) thick. As shown in Figure 14B, a 
D sized battery constructed using the construction 
shown in Figure 8A, has a collector assembly volume 
that is 2 percent of the total volume when the can walls 
are 0.25 mm (10 mils) thick and 0.20 mm (8 mils) thick. 
The C, AA, and AAA sized batteries having similar con- 
struction also exhibited significant improvements in in- 
ternal volume efficiency, as is apparent from the table in 
Figures 14 A. 

Beverage Can-Type Construction 

[0066] The use of the pressure relief mechanism illus- 
trated in Figures 8A-1 0, further allows the use of the bev- 
erage can-type construction shown in Figure 11. The 
beverage can-type construction shown differs from oth- 
er forms of battery seal constructions in that it does not 
require any form of nylon seal to be inserted into the 
open end of can 412. Instead, negative outer cover445 
is secured to the open end of can 412 using a sealing 
technique commonly used to seal the top of a food or 
beverage can to the cylindrical portion of the can. Such 
sealing constructions had not previously been consid- 
ered for use in sealing batteries because they would not 
readily allow for the negative outer cover to be electri- 
cally insulated from the can. 

[0067] The method of making a battery having the 
construction shown in Figure 11 is described below with 
reference to Figures 12A-12D. Prior to attaching nega- 
tive outer cover 445 to the open end of can 412, a col- 
lector nail 440 is welded to the inner surface of cover 



445. Next, as shown in Figure 12A, the inner surface of 
cover 445, as well as the peripheral portion of the upper 
surface of cover 445, is coated with a layer 475 of elec- 
trical insulation material, such as an epoxy, nylon, Te- 

s flon®, or vinyl. The portion of collector nail 440 that ex- 
tends within the void area between the bottom of cover 
445 and the top surface of the negative electrode/elec- 
trolyte mixture 120, is also coated with the electrical in- 
sulation. Additionally, the inner and outer surfaces of 

10 can 412 are also coated in the region of the open end 
of can 412. Such coatings 475 may be applied directly 
to the can and cover by spraying, dipping, or electrostat- 
ic deposition. By providing such a coating, negative out- 
er cover 445 may be electrically insulated from can 412. 

15 [0068] By applying the insulation coating to the areas 
of the can, cover, and collector nail within the battery 
that are proximate the void area within the battery's in- 
ternal volume, those areas may be protected from cor- 
rosion. While a coating consisting of a single layer of the 

20 epoxy, nylon, Teflon®, or vinyl materials noted above will 
function to prevent such corrosion, it is conceivable that 
the coating may be applied using layers of two different 
materials or made of single layers of different materials 
applied to different regions of the components. For ex- 

25 ample, the peripheral region of the cover may be coated 
with a single layer of material that functions both as an 
electrical insulator and an anti-corrosion layer, while the 
central portion on the inner surface of the cover may be 
coated with a single layer of a material that functions as 

30 an anti-corrosion layer but does not also function as an 
electrical insulator. Such materials may include, for ex- 
ample, asphalt or polyamide. Alternatively, either one of 
the can or cover may be coated with a material that func- 
tions as both an electrical insulator and anti-corrosion 

35 layer, while the other of these two components may be 
coated with a material that functions only as an anti-cor- 
rosion layer. In this manner, the electrical insulation 
would be provided where needed (i.e., between the cov- 
er/can interface), while the surfaces partially defining 

40 the void area in the internal volume of the cell will still 
be protected from the corrosive effects of the electro- 
chemical materials within the cell. Further, by utilizing 
different materials, materials may be selected that are 
lower in cost or exhibit optimal characteristics for the in- 

45 tended function. 

[0069] To assist in the sealing of outer cover 445 to 
can 41 2, a conventional sealant 473 may be applied to 
the bottom surface of peripheral edge 470 of cover 445. 
Once the sealing procedure is complete, sealant 473 mi- 

50 grates to the positions shown in Figure 12D. 

[0070] Once collector nail 440 has been attached to 
outer cover 445 and the electrical insulation coating has 
been applied, outer cover 445 is placed over the open 
end of can 412 as shown in Figure 1 2B. Preferably, can 

55 412 has an outward extending flange 450 formed at its 
open end. Further, outer cover 445 preferably has a 
slightly curved peripheral edge 470 that conforms to the 
shape of flange 450. Once outer cover 445 has been 
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placed over the open end of can 412, a seaming chuck 
500 is placed on outer cover 445, such that an annular 
downward extending portion 502 of seaming chuck 500 
is received by an annular recess 472 formed in outer 
cover 445. Next, a first seaming roll 510 is moved in a s 
radial direction toward the peripheral edge 470 of outer 
cover 445. As first seaming roll 510 is moved toward 
peripheral edge 470 and flange 450, its curved surface 
causes peripheral edge 470 to be folded around flange 
450, Also, as first seaming roll 510 moves radially in- 10 
ward, seaming chuck 500, can 412, and outer cover 445 
are rotated about a central axis, such that peripheral 
edge 470 is folded around flange 450 about the entire 
circumference of can 412. Further, as first seaming roll 
51 0 continues to move radially inward, flange 450 and 1$ 
peripheral edge 470 are folded downward to the position 
shown in Figure 12C. 

[0071] After peripheral edge 470 and flange 450 have 
been folded into the position shown in Figure 12C, first 
seaming roll 510 is moved away from can 412, and a 20 
second seaming roll 520 is then moved radially inward 
toward flange 450 and peripheral edge 470. Second 
seaming roll 520 has a different profile than first seaming 
roll 510. Second seaming roll 520 applies sufficient force 
against flange 450 and peripheral edge 470 to press and 25 
flatten the folded flange and peripheral edge against the 
exterior su rf ace of can 412, which is supported by seam- 
ing chuck 500. As a result of this process, the peripheral 
edge 470 of can 412 is folded around and under flange 
450 and is crimped between flange 450 and the exterior 30 
surface of the walls of can 412. as shown in Figures 11 
and 1 2D. A hermetic seal is thus formed by this process. 
[0072] To illustrate the hermetic nature of this type of 
seal, a D sized can constructed in accordance with this 
embodiment of the present invention was filled with wa- 35 
ter as was a D sized can constructed with a conventional 
seal, such as that illustrated in Figure 1 . The two cans 
were maintained at 71 °C and weighed over time to de- 
termine the amount of water lost from the cans. The con- 
ventional construction lost 270 mg per week, and the *o 
construction in accordance with the present invention 
did not lose any weight over the same time period. 
These results were confirmed using KOH electrolyte, 
with the conventional construction losing 50 mg per 
week and the inventive construction again not losing any 
weight. 

[0073] As will be apparent to those skilled in the art, 
the beverage can-type construction utilises minimal 
space in the battery interior, reduces the number of proc- 
ess steps required to manufacture a battery, and signif- so 
icantly reduces the cost of materials and the cost of the 
manufacturing process. Further, the thickness of the can 
walls may be significantly reduced to 0.15 mm (6 mils) 
or less. As a result, the internal volume available for con- 
taining the electrochemically active materials may be in- 55 
creased. For example, for a D sized battery, the percent- 
age of the total battery volume that may be used to con- 
tain the electrochemically active materials may be as 



high as 97 volume percent, while collector assembly vol- 
ume may be as low as 1 .6 volume percent. The volumes 
of batteries of other sizes are included in the table shown 
in Figures 14A and 14B. 

[0074] By utilizing the inventive sealing constructions, 
not only can the can wall thickness be decreased, but 
also the number of possible materials used to form the 
can may be increased due to the lessened strength re- 
quirements that must be exhibited by the can. For ex- 
ample, the inventive constructions noted above may en- 
able aluminum or plastics to be used for the can rather 
than the nickel-plated steel currently used. 
[0075] A variation of the beverage can construction is 
shown in Figure 13. In the illustrated embodiment, the 
battery can is first formed as a tube with two open ends. 
The tube may be extruded, seam welded, soldered, ce- 
mented, etc.. using conventional techniques. The tube 
may be formed of steel, aluminum, or plastic. As shown 
in Figure 13, the tube defines the side walls 614 of can 
612. A first open end of the tube is then sealed by se- 
curing an inner cover 616 thereto using the beverage 
can sealing technique outlined above, with the excep- 
tion that no electrical insulation is required between in- 
ner cover 61 6 and side walls 61 4. A positive outer cover 
618 may be welded or otherwise secured to the outer 
surface of inner cover 616. The battery may then be 
filled and a negative outer cover 645 may be secured to 
the second open end of can 61 2 in the same manner as 
described above. 

Printed Label on Can 

[0076] As noted above, the inventive battery con- 
structions may be used in combination with a printed la- 
bel, rather than the label substrates currently used. Cur- 
rent label substrates have thicknesses on the order of 
0.076 mm (3 mils). Because such label substrates over- 
lap to form a seam running along the length of the bat- 
tery, these conventional labels effectively add about 
0.25 mm (10 mils) to the diameter and 0.33 mm (13 mils) 
to the crimp height of the battery. As a result, the battery 
can must have a diameter that is selected to accommo- 
date the thickness of the label seam in order to meet the 
ANSI size standards. However, by printing a litho- 
graphed label directly on the exterior surface of the can 
in accordance with the present invention, the diameter 
of the can may be correspondingly increased approxi- 
mately 0.25 mm (10 mils). Such an increase in the di- 
ameter of the can significantly increases the internal vol- 
ume of the battery. All of the batteries listed in the tables 
of Figures 14A and 14B, with the exception of the bev- 
erage can constructions, include substrate labels. The 
internal volume of the batteries with substrate labels can 
be further increased 2 percent (1.02 cc) for a D sized 
battery, 2.6 percent (0.65 cc) for a C sized battery, 3.9 
percent (0.202 cc) for an AA sized cell, and 5.5 percent 
(0.195 cc) for an AAA sized battery, if the labels were 
printed directly on the exterior of the can. Labels may 
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also be printed on the can using transfer printing tech- 
niques in which the label image is first printed on a trans- 
fer medium and then transferred directly onto the can 
exterior. Distorted lithography may also be used where- 
by intentionally distorted graphics are printed on flat ma- 
terial so as to account for subsequent stress distortions 
of the flat material as it is shaped into the tube or cylinder 
of the cell can. 

Prior to printing the lithographed label, the exterior sur- 
face of the can is preferably cleaned. To enhance ad- 
herence of the print to the can, a base coat of primer 
may be applied to the exterior surface of the can. The 
printed label is then applied directly on top of the base 
coat on the can by known lithography printing tech- 
niques. A varnish overcoat is preferably applied over the 
printed label to cover and protect the printed label, and 
also to serve as an electrical insulating layer. The printed 
label may be cured with the use of high temperature 
heating or ultraviolet radiation techniques. 
[0077] With the use of the printed label, the thickness 
of a conventional label substrate is significantly reduced 
to a maximum thickness of approximately 0.5 mil. In par- 
ticular, the base coat layer has a thickness in the range 
of about 0.1 to 0.2 mil, the print layer has a thickness of 
approximately 0.1 mil, and the varnish overcoat layer 
has a thickness in the range of about 0.1 to 0.2 mil. By 
reducing the label thickness, the can can be increased 
in diameter, thereby offering an increase in available vol- 
ume for active cell materials while maintaining a prede- 
termined outside diameter of the battery. 

Beverage Can With Feed Through Collector 

[0078] Referring to Figure 15, an electrochemical cell 
700 is shown constructed with a feed through collector 
according to a seventh embodiment of the present in- 
vention. Similar to the electrochemical cell 400 with bev- 
erage can-type construction shown in Figure 11, elec- 
trochemical cell 700 includes an electrically conductive 
can 712 having a closed end 314 and an open end in 
which a low volume collector assembly 725 and outer 
negative cover 750 are assembled. Electrochemical cell 
700 includes a positive electrode 1 1 5 in contact with the 
interior walls of can 712 and in contact with a separator 
1 1 7 that lies between a positive electrode 115 and a neg- 
ative electrode 120. The positive electrode 115 is also 
referred to herein as the cathode, while the negative 
electrode 120 is also referred to herein as the anode. It 
should be appreciated that the type of materials and 
their location internal to the electrochemical cell may 
vary without departing from the teachings of the present 
invention. 

[0079] Electrochemical cell 700 also includes a pres- 
sure relief mechanism 370 formed in the closed end 314 
of can 712. This allows for employment of the low vol- 
ume collector assembly 725, which consumes less vol- 
ume than conventional collector assemblies, and there- 
fore achieves enhanced internal cell volume efficiency. 



The pressure relief mechanism 370 may be formed as 
a groove as described herein in connection with Figures 
8A, 8B, 9, and 10. In addition, a positive outer cover 311 
is connected to the closed end of can 712 and overlies 

5 the pressure relief mechanism 370. The assembly and 
location of positive outer cover 31 1 is provided as shown 
and described herein in connection with Figure 8A. 
[0080] Electrochemical cell 700 includes a collector 
assembly 725 which closes and seals the open end of 

10 can 712. Collector assembly 725 includes a collector 
nail 740 disposed in electrical contact with the negative 
electrode 120. Also included in the collector assembly 
725 is a first or inner cover 745 having a central aperture 
751 formed therein. The collector nail 740 is disposed 

15 and extends through the aperture 751 in inner cover 
745. A dielectric insulating material 744 is disposed be- 
tween collector nail 740 and first cover 745 to provide 
dielectric insulation therebetween. Accordingly, the col- 
lector nail 740 is electrically isolated from inner cover 

20 745. Dielectric insulating material 744 is an organic 
macromolecular material, such as an organic polymer, 
and may include an epoxy, rubber, nylon, or other die- 
lectric material that is resistant to attack by KOH and is 
non-corrosive in the presence of potassium hydroxide 

25 in an alkaline cell. The dielectric insulating material is 
assembled as explained hereinafter. 
[0081] Inner cover 745 in turn is connected and 
sealed to the open top end of can 712. Inner cover 745 
may be inserted into can 712 and sealed to can 712 by 

30 forming a double seam closure at the peripheral edges 
450 and 470 as explained herein in connection with Fig- 
ures 11-13. While a double seam can-to-cover closure 
is shown in connection with the seventh embodiment of 
the present invention, it should be appreciated that other 

35 can-to-cover closures may be employed, without de- 
parting from the teachings of the present invention. 
[0082] The electrochemical cell 700, according to the 
seventh embodiment allows for a direct connection be- 
tween can 712 and inner cover 745, which preferably 

40 provides a pressure seal therebetween, but does not re- 
quire electrical isolation between inner cover 745 and 
the side walls of can 712. Instead, the collector nail 740 
is dielectically insulated from inner cover 745 such that 
the negative and positive terminals of the electrochem- 

45 teal cell are electrically isolated from one another. While 
there is no requirement of maintaining electrical isola- 
tion between the can 71 2 and inner cover 745, it is pre- 
ferred that a sealant be applied at the closure joining the 
can to the cover to adequately seal the can. A suitable 

50 sealant may be applied as explained in connection with 
the battery shown and described herein in connection 
with Figures 11-1 2D. It should be appreciated that the 
sealed closure along with the insulating material should 
be capable of withstanding internal pressure buildup 

55 greater than the venting pressure at which pressure re- 
lease mechanism 370 releases pressure. 
[0083] To provide an acceptable outer battery termi- 
nal in accordance with well accepted battery standards, 
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the electrochemical cell 700 further includes an outer 
cover 750 in electrical contact with collector nail 740. 
Outer cover 750 may be welded by spot weld 742 or 
otherwise electrically connected to collector nail 740. To 
insure proper electrical insulation between outer cover 5 
750 and inner cover 745, a dielectric material such as 
annular pad 748 is disposed between outer negative 
cover 750 and inner cover 745. Suitable dielectric ma- 
terials may include nylon, other elastomeric materials, 
rubber, and epoxy applied on the top surface of inner io 
cover 745 or on the bottom surface of outer cover 750. 
Accordingly, an acceptable standard battery terminal 
may be provided at the negative end of electrochemical 
cell 700. 

[0084] The assembly of electrochemical cell 700 ac- 
cording to the seventh embodiment of the present in- 
vention is illustrated in the assembly view of Figure 16 
and is further illustrated in the flow diagram of Figure 
1 7. The method 770 of assembly of electrochemical cell 
700 includes providing can 712 formed with a closed 20 
bottom end and open top end. Step 774 includes dis- 
posing into can 712 the active electrochemical materials 
including the negative electrode, the positive electrode, 
and an electrolyte, as well as the separator and other 
cell additives. Once the active electrochemical cell ma- 25 
terials are disposed within can 712, can 71 2 is ready for 
closure and sealing with the collector assembly 725. Pri- 
or to closing the can, the collector assembly is assem- 
bled by first disposing the collector nail 740 within aper- 
ture 751 formed in inner cover 745 along with a ring of 30 
insulating material according to step 776. Collector nail 
740 is disposed in the opening 742 of insulating ring 744 
which may include a ring or disk of epoxy which provides 
dielectric insulation and can be heated to reform and 
settle between the inner cover 745 and collector nail 35 
740. Alternately, other organic macromolecular dielec- 
tric insulation materials may be used in place of epoxy, 
such as a rubber grommet, an elastomeric material, or 
other dielectric materials that may form adequate insu- 
lation between collector nail 740 and inner cover 745. 40 
Also shown formed in inner cover 745 is a recess 755 
formed in the top surface and centered about aperture 
751. 

[0085] According to the preferred embodiment, ring 

744 of insulating material is disposed in recess 755 on 45 
top of inner cover 745 and the top head of collector nail 
740 is disposed thereabove. In step 778, the insulating 
ring 744 is assembled to collector nail 740 and cover 

745 and the insulating ring 744 is heated to a tempera- 
ture sufficiently high enough to melt ring 744 such that so 
ring 744 reforms and flows into the aperture 751 in cover 
745 to provide continuous dielectric insulation between 
collector nail 740 and inner cover 745. For a ring 744 
made of epoxy, a temperature of 20°C to 200°C for a 
time of a few seconds to twenty-four hours may be ad- ss 
equate to reform and cure the insulating material. Once 
dielectric material 744 forms adequate insulation be- 
tween collector nail 740 and inner cover 745, the insu- 
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lated material is preferably cooled in step 780. During 
the heating and cooling steps 778 and 780, the collector 
naii 740 is centered in aperture 751 such that nail 740 
does not contact cover 745. Thereafter, in step 782, an 
electrical dielectric insulating pad 748 such as an annu- 
lar dielectric pad is disposed on top of inner cover 745 
and extends radially outward from the perimeter of nail 
740. In step 784, disposed on top of collector nail 740 
and pad 748 is a conductive negative cover 750 which 
is welded or otherwise formed in electrical contact with 
collector nail 740. Once the collector assembly is fully 
assembled, the collector assembly is then connected to 
the can to sealingly close the open end as provided in 
step 786. Can closure may employ a double seam clo- 
sure or other suitable can closure technique, in addition, 
the assembly method 770 includes step 788 of connect- 
ing a second outer cover to the closed end of the can, 
preferably overlying the pressure relief mechanism 370. 
[0086] While the present invention has been de- 
scribed above as having primary applicability to alkaline 
batteries, it will be appreciated by those skilled in the art 
that similar benefits may be obtained be employing the 
inventive constructions in batteries utilizing other elec- 
trochemical systems. For example, the inventive con- 
structions may be employed in primary systems such as 
carbon-zinc and lithium based batteries and in re- 
chargeable batteries, such as NiCd, metal hydride, and 
Li based batteries. Further, certain constructions of the 
present invention may be used in raw cells (i.e., cells 
without a label as used in battery packs or multi-cell bat- 
teries). 

[0087] It will be understood that the embodiments 
shown in the drawings and described above are merely 
for illustrative purposes and not intended to limit the 
scope of the invention. 



Claims 

1 . A battery comprising : 

a can containing electrochemically active ma- 
terials including at least positive and negative 
electrodes and an electrolyte, the can having 
an open end and a closed end; and 
a collector assembly and an outer cover posi- 
tioned across the open end of the can, the col- 
lector assembly and any void volume between 
the collector assembly and the bottom surface 
of the outer cover defining a collector assembly 
volume; 

characterised in that the collector assembly 
is free of a downward extending V-shaped seal por- 
tion and a seal-rupturing spur, whereby: 

for a D-sized battery, the collector assembly 
volume is less than 5.0 percent of the total vol- 
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ume of the battery or is less than 2.5 cm 3 ; 
for a C-sized battery, the collector assembly 
volume is less than 7.0 percent of the total vol- 
ume of the battery or is less than 1 .7 cm 3 ; 
for an AA-sized battery, the collector assembly 5 
volume is less than 6.0 percent of the total vol- 
ume of the battery or is less than 0.5 cm 3 ; 
for an AAA-sized battery, the collector assem- 
bly volume is less than 7.0 percent of the total 
volume of the battery or is less than 0.24 cm 3 . 10 

2. A battery according to claim 1 , wherein the collector 
assembly defines a collector assembly volume of 
no greater than 4.6 percent of the total volume of 

the battery. 15 

3. A battery according to claim 1 or claim 2, wherein 
the collector assembly comprises a seal for sealing 
the cover to the open end of the can. 

20 

4. A battery according to any preceding claim , wherein 
the collector electrically couples the cover to the 
negative electrode. 

5. A battery according to any preceding claim, wherein 25 
the can is cylindrical. 

6. A battery according to any preceding claim, wherein 
the battery is an alkaline battery having a positive 
electrode comprising Mn0 2 , a negative electrode 30 
comprising Zn, and an electrolyte comprising KOH. 

7. A battery according to any preceding claim, wherein 
the can is made of a chemically inert material. 

35 

8. A battery according to claim 6 or claim 7, wherein 
one of the positive and negative electrodes is dis- 
posed within a cavity formed in the other of the pos- 
itive and negative electrodes. 

40 

9. A battery according to any preceding claim, wherein 
the battery further comprises a pressure relief 
mechanism formed in the closed end of the can. 

10. A battery according to claim 1 wherein the battery 45 
is D-sized and the collector assembly volume is less 
than 5.0 percent, preferably no greater than 4.0 per- 
cent, more preferably no greater than 3.8 percent, 
and most preferably no greater than 2.0 percent, of 

the total volume of the battery. 50 

11. A battery according to claim 1 wherein the battery 
is C-sized and the collector assembly volume is less 
than 7.0 percent, preferably no greater than 4.5 per- 
cent, more preferably no greater than 3.9 percent, 55 
and most preferably no greater than 3.1 percent, of 

the total volume of the battery. 



12. A battery according to claim 1 wherein the battery 
is AA-sized and the collector assembly volume is 
less than 6.0 percent, preferably no greater than 4.6 
percent, more preferably no greater than 3.2 per- 
cent, and most preferably no greater than 2.5 per- 
cent, of the total volume of the battery. 

13. A battery according to claim 1 wherein the battery 
is AAA-sized and the collector assembly volume is 
less than 7.0 percent, preferably no greater than 4. 1 
percent, more preferably no greater than 3.4 per- 
cent, and most preferably no greater than 2.6 per- 
cent, of the total volume of the battery. 

14. A battery according to claim 1 wherein the battery 
is D-sized and the collector assembly volume is less 
than 2.5 cm 3 , preferably no greater than 2.0 cm 3 , 
and more preferably no greater than 1 .0 cm 3 . 

15. A battery according to claim 1 wherein the battery 
is C-sized and the collector assembly volume is less 
than 1 .7 cm 3 , preferably no greater than 1 .5 cm 3 , 
and more preferably no greater than 1 .1 0 cm 3 . 

16. A battery according to claim 1 wherein the battery 
is AA-sized and the collector assembly volume is 
less than 0.5 cm 3 , preferably no greater than 0.40 
cm 3 , and more preferably no greater than 0.25 cm 3 . 

17. A battery according to claim 1 wherein the battery 
is AAA-sized and the collector assembly volume is 
less than 0.24 cm 3 , preferably no greater than 0.15 
cm 3 and more preferably no greater than 0.12 cm 3 . 



Revendications 

1. Pile comprenant: 

un conteneur qui contient des matdriaux actifs 
6lectrochimiquement incluant au moins des 
electrodes positive et negative et un electroly- 
te, le conteneur comportant une extr6mit6 
ouverte et une extrSmitefermee; et 
un assemblage de collecteur et un couvercle 
externe qui est positionndsur I'extremite ouver- 
te du conteneur, ('assemblage de collecteur et 
un quelconque volume de vide entre Passem- 
blage de collecteur et la surface inf6rieure du 
couvercle externe d6finissant un volume d'as- 
semblage de collecteur, 

caracterisee en ce que Passemblage de col- 
lecteur est exempt d'une partie de scellement en 
forme de V s'6tendant vers !e bas et d'un ergot de 
rupture de scellement et ainsi: 

pour une pile de dimension D, le volume d'as- 
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semblage de collecteur est inferieur a 5,0% du 
volume total de la pile ou est inferieur a 2,5 cm 3 ; 
pour une pile de dimension C, le volume d'as- 
semblage de collecteur est inferieur a 7,0% du 
volume total de !a pile ou est inferieur a 1 ,7 cm 3 ; 5 
pour une pile de dimension AA, le volume d'as- 
semblage de collecteur est inferieur a 6,0% du 
volume total de la pile ou est inferieur a 0,5 cm 3 ; 
pour une pile de dimension AAA, le volume 
d'assemblage de collecteur est inferieur a 7,0% 10 
du volume total de la pile ou est inferieur a 0,24 
cm 3 . 



2. Pile selon la revendication 1 , dans laquelle I'assem- 
blage de collecteur definit un volume d'assemblage *5 
de collecteur non superieur a 4,6% du volume total 

de la pile. 

3. Pile selon la revendication 1 ou 2, dans laquelle I'as- 
semblage de collecteur comprend un scellement 20 
pour sceller le couvercle sur I'extr6mite ouverte du 
conteneur. 

4. Pile selon I'une quelconque des revendications pre- 
c6dentes, dans laquelle le collecteur couple eiectri- 25 
quement le couvercle a reiectrode negative. 

5. Pile selon Tune quelconque des revendications pre- 
cedentes, dans laquelle le conteneur est cylindri- 
que. 30 

6. Pile selon I'une quelconque des revendications pre- 
cedentes, dans laquelle la pile est une pile alcaline 
qui comporte une electrode positive qui comprend 

du Mn0 2 , une electrode negative qui comprend du 35 
Zn et un electrolyte qui comprend du KOH. 

7. Pile selon I'une q uelconque des revendications pre- 
cedentes, dans laquelle le conteneur est realise en 

un materiau chimiquement inerte. *o 

8. Pile selon la revendication 6 ou 7, dans laquelle 
I'une des electrodes positive et negative est dispo- 
see a I'interieur d'une cavite qui est formee dans 
I'autre des electrodes positive et negative. 45 

9. Pile selon Tune quelconque des revendications pre- 
cedentes, dans laquelle ia pile comprend en outre 
un mecanisme de liberation de pression qui est for- 
me dans I'extremite fermee du conteneur. so 

10. Pile selon la revendication 1, dans laquelle la pile 
est de dimension D et le volume d'assemblage de 
collecteur est inferieur a 5,0%, de preference non 
superieur a 4,0%, de facon davantage preferable ss 
non superieur a 3,8% et de la facon la plus prefe- 
rable non superieur a 2,0% du volume total de la 
pile. 



11. Pile selon la revendication 1, dans laquelle la pile 
est de dimension C et le volume d'assemblage de 
collecteur est inferieur a 7,0%, de preference non 
superieur a 4,5%, de facon davantage preferable 
non superieur a 3,9% et de la facon la plus prefe- 
rable non superieur a 3,1% du volume total de la 
pile. 

12. Pile selon la revendication 1, dans laquelle la pile 
est de dimension AA et le volume d'assemblage de 
collecteur est inferieur a 6,0%, de preference non 
superieur a 4,6%, de facon davantage preferable 
non superieur a 3,2% et de la facon la plus prefe- 
rable non superieur a 2,5% du volume total de la 
pile. 

13. Pile selon la revendication 1, dans laquelle la pile 
est de dimension AAA et le volume d'assemblage 
de collecteur est inferieur a 7,0%, de preference 
non superieur a 4, 1 %, de facon davantage prefera- 
ble non superieur a 3,4% et de la facon la plus pre- 
ferable non superieur a 2,6% du volume total de la 
pile. 

14. Pile selon la revendication 1, dans laquelle la pile 
est de dimension D et le volume d'assemblage de 
collecteur est inferieur a 2,5 cm 3 , de preference non 
superieur a 2,0 cm 3 , et de facon davantage prefe- 
rable non superieur a 1 ,0 cm 3 . 

15. Pile selon la revendication 1, dans laquelle la pile 
est de dimension C et le volume d'assemblage de 
collecteur est inferieur a 1 ,7 cm 3 , de preference non 
superieur a 1 ,5 cm 3 , et de facon davantage prefe- 
rable non superieur a 1 , 1 0 cm 3 . 

16. Pile selon la revendication 1, dans laquelle la pile 
est de dimension AA et le volume d'assemblage de 
collecteur est inferieur a 0,5 cm 3 , de preference non 
superieur a 0,40 cm 3 , et de facon davantage prefe- 
rable non superieur a 0,25 cm 3 . 

17. Pile selon la revendication 1, dans laquelle la pile 
est de dimension AAA et le volume d'assemblage 
de collecteur est inferieur a 0,24 cm 3 , de preference 
non sup6rieur a 0,15 cm 3 , et de facon davantage 
preferable non superieur a 0,12 cm 3 . 



Patentanspruche 

1 . Eine Batterie, umfassend: 

einen Behalter, der elektrochemisch aktive Ma- 
terialien mit wenigstens positiven und negati- 
ven Elektroden und einem Elektrolyt enthalt, 
wobei der Behalter ein offenes Ende und ein 
geschlossenes Ende aufweist; und 
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eine Kollektor-Aufbau und eine auBere Abdek- 
kung positioniert uber dem offenen Ende des 
Behalters, wobei der Kollektor-Aufbau und ir- 
gendeln Leervolumen zwischen dem Kollektor- 
Aufbau und der Bodenoberflache der auBeren 
Abdeckung eln Kollektoraufbau-Volumen defi- 
nieren; 

dadurch gekennzeichnet, dass der Kollek- 
tor-Aufbau frei von einem sich nach unten erstrek- 
kenden V-forrnigen Abdichtungsabschnitt und einer 
Abdichtungs-Rissspur ist, wobei: 

fur eine Batterie der GroBe D, das Kollektorauf- 
bau-Volumen kleiner als 5,0 Prozent des Ge- 
samtvolumens der Batterie Oder kleiner als 2,5 
cm 3 ist; 

fur eine Batterie der GroBe C, das Kollektorauf- 
bau-Volumen kleiner als 7,0 Prozent des Ge- 
samtvolumens der Batterie oder kleiner als 1 ,7 
cm 3 ist; 

fur eine Batterie der GroBe AA, das Kollektor- 
aufbau-Volumen kleiner als 6,0 Prozent des 
Gesamtvolumens der Batterie oder kleiner als 
0,5 cm 3 ist; und 

fur eine Batterie der GroBe AAA, das Kollektor- 
aufbau-Volumen kleiner als 7,0 Prozent des 
Gesamtvolumens der Batterie oder kleiner als 
0,24 cm 3 ist; 

2. Batterie nach Anspruch 1 , wobei der Kollektor-Auf- 
bau ein Kollektoraufbau-Volumen von nicht groBer 
als 4,6 Prozent des Gesamtvolumens der Batterie 
definiert. 

3. Batterie nach Anspruch 1 oder 2, wobei der Kollek- 
tor-Aufbau eine Abdichtung zum Abdichten der Ab- 
deckung an dem offenen Ende des Behalters urn- 
fasst. 

4. Batterie nach irgendeinem vorangehenden An- 
spruch, wobei der Kollektor elektrisch die Abdek- 
kung an die negative Elektrode koppelt. 

5. Batterie nach irgendeinem vorangehenden An- 
spruch, wobei der Behalter zylindrisch ist. 

6. Batterie nach irgendeinem vorangehenden An- 
spruch, wobei die Batterie eine Alkali-Batterie ist, 
die eine positive Elektrode, die Mn0 2 umfasst, eine 
negative Elektrode, die Zn umfasst, und eine Elek- 
trolyt, welches KOH umfasst, aufweist. 

7. Batterie nach irgendeinem vorangehenden An- 
spruch, wobei der Behalter aus einem chemischen 



Edelmaterial gebildet ist. 

8. Batterie nach Anspruch 6 oder Anspruch 7, wobei 
eine der positiven oder negativen Elektroden inner- 

5 haib eines Hohlraums angeordnet ist, der in der an- 
deren der positiven und negativen Elektroden ge- 
bildet ist. 

9. Batterie nach irgendeinem vorangehenden An- 
w spruch, wobei die Batterie ferner einen Druckentla- 

stungsmechanismus umfasst, der in dem geschlos- 
senen Ende des Behalters gebildet ist. 

10. Batterie nach Anspruch 1, wobei die Batterie die 
15 GroBe D aufweist und das Kollektoraufbau-Volu- 
men kleines als 5,0 Prozent, vorzugsweise nicht 
groBer als 4,0 Prozent, weiter bevorzugt nicht gro- 
Ber als 3,8 Prozent, und weiter bevorzugt nicht gro- 
Ber als 2,0 Prozent, des Gesamtvolumens der Bat- 

20 terie ist. 

11. Batterie nach Anspruch 1, wobei die Batterie die 
GroBe C aufweist und das Kollektoraufbau-Volu- 
men kleiner als 7,0 Prozent, vorzugsweise nicht 

25 groBer als 4,5 Prozent, weiter bevorzugt nicht gro- 
Ber a!s 3,9 Prozent, und weiter bevorzugt nicht gro- 
Ber als 3,1 Prozent, des Gesamtvolumens der Bat- 
terie ist. 

30 12. Batterie nach Anspruch 1, wobei die Batterie die 
GroBe AA aufweist und das Kollektoraufbau-Volu- 
men kleiner als 6,0 Prozent, vorzugsweise nicht 
groBer als 4,6 Prozent, weiter bevorzugt nicht gro- 
Ber als 3,2 Prozent, und weiter bevorzugt nicht gro- 

35 Ber als 2,5 Prozent, des Gesamtvolumens der Bat- 
terie ist. 

13. Batterie nach Anspruch 1, wobei die Batterie die 
GroBe AAA aufweist und das Kollektoraufbau-Vo- 

^o lumen kleiner als 7,0 Prozent, vorzugsweise nicht 
groBer als 4,1 Prozent, weiter bevorzugt nicht gro- 
Ber als 3,4 Prozent, und weiter bevorzugt nicht gro- 
Ber als 2,6 Prozent, des Gesamtvolumens der Bat- 
terie ist. 

45 

14. Batterie nach Anspruch 1, wobei die Batterie die 
GroBe D aufweist und das Kollektoraufbau-Volu- 
men kleiner als 2,5 cm 3 , vorzugsweise nicht groBer 
als 2,0 cm 3 , und weiter bevorzugt nicht groBer als 

so 1 ,o cm 3 ist. 

15. Batterie nach Anspruch 1, wobei die Batterie die 
GroBe C aufweist und das Kollektoraufbau-Volu- 
men kleiner als 1 ,7 cm 3 , vorzugsweise nicht groBer 

55 als 1 ,5 cm 3 , und weiter bevorzugt nicht groBer als 
1,10 cm 3 ist. 

16. Batterie nach Anspruch 1, wobei die Batterie die 
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GroBe AA aufweist und das Kollektoraufbau-Volu- 
men kleiner als 0,5 cm 3 , vorzugsweise nicht groBer 
als 0,40 cm 3 , und weiter bevorzugt nicht groBer als 
0,25 cm 3 ist. 



5 



17. Batterie nach Anspruch 1, wobei die Batterie die 
GroBe AAA aufweist und das Kollektoraufbau-Vo- 
lumen kleiner als 0,24 cm 3 , vorzugsweise nicht gro- 
Ber als 0, 1 5 cm 3 , und weiter bevorzugt nicht groBer 
als 0,12 cm 3 ist. 10 
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FIG. 3C 
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FIG. 5 
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FIG. 11 
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FIG. 13 
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FIG. 17 



FORM CAN WITH CLOSED BOTTOM 
END AND OPEN TOP END 



DISPOSE ELECTROCHEMICAL! Y ACTIVE 
MATERIALS INCLUDING POSITIVE AND 

NEGATIVE ELECTRODES AND 

ELECTROLYTE INTO CAN 



ASSEMBLE COLLECTOR NAIL AND 
INSULATING MATERIAL TO INNER COVER 



HEAT INSULATING MATERIAL TO MELTING 
TEMPERATURE TO REFORM INSULATING 
MATERIAL BETWEEN COLLECTOR NAIL 

INNER COVER 



COOL COLLECTOR ASSEMBLY INSULATION 



DISPOSE ELECTRICAL INSULATING PAD 
ON TOP OF INNER COVER 



DISPOSE OUTER COVER ON TOP OF 
ELECTRICAL INSULATING PAD AND WELD 
OUTER COVER TO COLLECTOR NAIL 



SECURE INNER COVER TO CAN WALLS 



I 



CONNECT SECOND OUTER COVER TO 
CLOSED END OF CAN 
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